Introduction: Use of a Bacillus sphaericus based mosquito larvicide was evaluated as an intervention for malaria vector control at a mining site in Amapá, Brazil. Impacts on larval and adult densities of the primary vector Anopheles darlingi were measured over the course of a 52 week study period. Methods: In Calçoene, State of Amapá, gold mining activity occurs in 19 mining sites in gold-miners of Lourenço. Large pools are formed in mining sites and naturally colonized by Anopheles darlingi. During one year, the impact of applications of VectoLex® CG to these larval sources was evaluated. Applications of 20kg/ha were made as needed, based on 10 immature (3 rd , 4 th instars and pupae) surveillance of health and established thresholds. Results: One hundred percent initial control was observed 48h after each treatment. The pools received from 2-10 (5.3±1.6) treatments during the year. The average re-treatment interval in productive pools was 9.4±4.3 weeks. During weeks 3-52 of the study, mean density of late stage larvae was 78% and pupae were 93% lower in the treated pools than in untreated pools (p< 0.0001, n=51) while reduction of adult mosquitoes was 53% in comparison to the untreated area during the last five months of the study, which were the rainy season (p<0.001). Conclusions: VectoLex® CG reduced immature Anopheles darlingi infestation levels during the entire study period, and reduced adult mosquito populations during the rainy season.
INTRODUCTION

Larval control of Anopheles (Nyssorhinchus) darlingi using granular formulation of Bacillus sphaericus in abandoned gold-miners excavation pools in the Brazilian Amazon Rainforest
Anopheles darlingi is the main vector of parasite of malaria in Brazil. Malaria transmission is primarily restricted to the Amazon region, and is prevalent in some states where settlements for gold mining have been established 1 . In the State of Amapá 14.4% of the malaria cases in 2008 were associated with gold mining, 78% of which occurs in the municipality of Calçoene where the gold mining district of Lourenço 2 is located.
The National Malaria Control Program (PNCM) guidelines are focused in early detection and treatment of cases, indoor residual spray (IRS) and more recently, insecticide treated nets (ITN), as key components of the strategy to reduce malaria transmission. In-house adult mosquito control strategies are central components of malaria vector control, but may not provide complete protection against transmission by exophagic and exophilic vectors including the An. darlingi in the Brazilian Amazon [3] [4] [5] [6] . Control of malaria vector populations through larval source management (LSM) may substantially reduce adult malaria vector populations providing protection in addition to adult control measures 7 .
In Brazil, LSM is largely focused on environmental management such as drainage and filling of larval sources 8 . However, physical measures are not always feasible, leaving many larval sources uncontrolled. Examples of such situations include fish ponds, residual mining pools, water reservoirs and natural wetlands. In these situations, the use of microbial larvicides such as Bacillus sphaericus (Bs) and Bacillus thuringiensis israeliensis (Bti) may be useful components of LSM. The use of these larvicides has been shown to control anopheline mosquito populations, and reduce malaria transmission in Africa and Latin America This study evaluated the impact of regular applications of VectoLex® CG on An. darlingi larval sources in a gold mining area in the municipality of Calçoene, State of Amapá, Brazil. The study measured larval development and adult population dynamics of An. darlingi in treated and untreated areas and de influence of rain precipitation in the density of larval and adult mosquitoes.
METHODS
Study area
The municipality of Calçoene was 227km north of Macapá, the capital of Amapá State (Figure 1) . The climate was tropical and rainy, with a mean annual precipitation of 3,069mm and average temperature of 25.6 0 C, with 75% relative humidity. The study site was in the village of Lourenço, which is one of the 27 villages in the municipality that has extensive gold mining activity 18 . Gold mining occurred in 19 mining areas (Figure 2) , where gold extraction was performed through excavations and jets of water provided by pressure pumps. During the process of gold extraction large excavation pools were formed around the mining site. When these pools were abandoned, they were colonized by mosquito larvae, including An. darlingi, which was responsible for the maintenance of the malaria transmission among the mines' workers, living near these pools (FUNASA, unpublished data). Two mining sites were selected for the study -Novo Astro (treatment) and Nova Lataia (untreated control). The Novo Astro site was chosen for treatment, because it was an area with a history of a high incidence of malaria 2 .
Entomology surveys
Adult An. darlingi populations were monitored by outdoor and indoor mines capture sessions using human landing catches and hand-held aspirator. These surveys were performed once a month at both untreated control and treatment sites for three consecutive days from 18h to 21h. Each technician followed a specific method of work and a predetermined schedule with rotation of sites to minimize bias. Mosquitoes were collected with a manual suction aspirator before they initiated a blood meal, and were transferred to the laboratory in labeled moisture chambers. Live specimens were anesthetized with ethyl acetate for further identification. All 23 larval source in abandoned gold-miners excavation in the area, were evaluated individually, and records were kept of the larval survey results on the treatment date and post treatment evaluation (48h post treatment). Larval surveys were performed weekly one day per week in the 52 weeks, from 6h to 9h using a 5L dipper. Pond borders were marked every 5m with wooded sticks. These locations were sampled with nine dips per location during each sampling throughout the study period. Ponds with perimeter greater than 100m were sampled at a maximum of 20 locations. The number of immature Anopheles (larvae and pupae) collected in each dip was counted and recorded by instar stage (first instars -L1, second instars -L2, third instars -L3, fourth instars -L4, and pupae).
Larval source treatment
Treatments were made using VectoLex® CG, manufactured by Valent BioSciences Corp., at the rate of 20kg/ha. The product was applied by hand, except for one large pool which was treated with a motorized backpack blower (Guarany®).
The pools were retreated when late instars (L3 and L4), and pupae were detected in numbers greater than 10 per sampling during weekly larval surveys.
Data analysis
Weekly counts of immature anopheline mosquitoes in 23 treated and untreated ponds were analyzed by life stage categories including early instars (L1 and L2), late instars (L3 and L4), and pupae. The average number of each stage collected in treated ponds (n=9) and untreated ponds (n=2) was calculated weekly. The means of weekly averages in treated and untreated ponds were analyzed across weeks 3 to 52 (n=51) of the study using both a z-test and an ANOVA in order to compare the number of immature stages collected during the entire treatment period. Adult landing collections in treated and untreated areas were similarly compared across time applying ANOVA to monthly collections in the dry season (May to December, n=7 months) and wet season (January to May, n=5 months). Correlation of adult population densities and rainfall in treated and untreated areas were evaluated using the correlation function of the MS Excel data pack (Pearson's correlation coefficient). 
Ethical considerations
Larval source treatments
From May 2008 to May 2009, 23 pools were selected and evaluated at the untreated site, Nova Lataia. Only nine pools at the Novo Astro site (area under treatment) produced Anopheles larvae during the study period. The other sites dried out during the study or were not productive due to pollution from mining activities, inhibiting mosquito development.
The number of treatments and consumption of the Bacillus sphaericus formulation is presented in Table 1 . Of the 23 pools monitored only nine required treatment. All treatments resulted in 100% larval reduction 48h post-treatment. Most treated sites had received initial treatment by week 2 of the study. Based on the established treatment thresholds and surveillance, an overall average treatment interval in the active sites following initial treatment was 9.4 (± 4.3) weeks. Active sites required an average of 5.3±1.6 treatments during the year. Sites 2 and 3 received nine treatments during the year and the remaining sites required between two and seven treatments.
Entomological outcomes
The impact of the VectoLex® CG treatment is shown in Figure 3 . The mean number of all stages was significantly lower in treated vs. untreated sites by both ANOVA (p <0.0001) and z-test (p < 0.0001). Immature densities tended to increase in the untreated pools, and decrease in the treated pools. The total number of all immature stages of anophelines was 80% lower in treated pools compared to untreated pools. The number of L1 and L2 larvae collected was 73% lower, the number of L3-L4 larvae was 78% lower, and pupae were 93% lower in treated compared to untreated pools. Pupal densities were highly suppressed in the treated pools from February to May 2009. In February 2009, the percent reduction in pupal density reached 100% and remained near zero for the remainder of the study. During monthly mosquito capture sessions, two malaria vectors species were predominant all year, An. darlingi presented in Figure 4 . The number of adults captured in monthly surveys was positively correlated by Pearson's correlation with rainfall in the untreated area (+0.52 correlation), correlated with rainfall in the treated area (-0.17 correlation coefficient). Reduction of the adult mosquito population in the Novo Astro site was detected during the suppression in the rainy season from January to June 2009, when a 53% (p<0.001) reduction in the number of An. darlingi captured was maintained throughout this period, in comparison with the untreated site, Nova Lataia. This observation is in agreement with the observed reduction of the production of the larvae and pupae shown in 
DISCUSSION
This year-long study is the first work to evaluate the efficacy of surveillance-based Vectolex® CG applications for control of An. darlingi population densities over time. The results showed that it is feasible to maintain control of An. darlingi population densities in a gold mining area. Late instar and pupal reductions indicated that after the third week of treatment, a significant level of control of immature life stages was reached and maintained throughout the study period. Also, beginning in February 2009 the production of pupae in the treated sites was suppressed to near zero; demonstrating that these larval sites were unproductive in the rainy season while the untreated control sites were highly productive.
The low mean number of required treatments per pool and the 9-week average re-treatment interval indicated that residual efficacy was achieved following VectoLex® CG treatment. This result is in agreement with results obtained following VectoLex® CG treatment of fish ponds for control of An. darlingi in Peru
15
, where a residual control of late instars was observed for 45 days with a single application at the rate of 20kg/ha, same rate used in this study. Similar results were obtained in Colombia, where a 92% reduction in pupae of An. albimanus was observed 33 days after treatment 16 , and in the studies with anopheline vectors from Venezuela 17, 21 , which showed an efficacy of ~80% from 28 to 90 days after a single application of VectoLex® CG. The positive correlation of An. darlingi abundance with rainfall in the untreated control sites suggests that the onset of the rainy season played a determinant role in the increase Anopheles abundance. This is in agreement with a recent study conducted in State of Amapá on the relationship between anophelines abundance and rainfall 22 . However, in the treated site, the negative correlation between rainfall and number of mosquitoes collected indicated that the LSM strategy reduced the adult vector population even during the rainy season. Similar strategies have been proven successful in Tanzania 14 and Kenya 7 where the reduction in entomology inoculation rates (EIR) and malaria transmission was demonstrated through the integration of microbial larvicides use with other interventions in large scale programs. The suppression of Anopheline populations demonstrated by the results obtained in this trial, suggest that sequential applications of VectoLex CG can be a powerful integrated vector management (IVM) tool for reducing human-vector contact in this environment.
It can be concluded that it is feasible to maintain control on An. darlingi population densities in gold mining areas with a LSM program based on the use of microbial larvicides.
